The study of phytoplankton diversity and its seasonal variation was carried out by sampling water taken from the Santragachi Lake, of West Bengal between November 2009 and July 2010. Various physico-chemical variables were recorded and the correlation of this with phytoplankton density was established using Canonical Correspondence Analysis. This showed that the density of phytoplankton was higher when temperature and nutrients increased. A total of 29 phytoplankton taxa belonging to Chlorophyta (10), Cyanobacteria (8), Charophyta (5), Bacillariophyta (4), and Euglenozoa (2) were recorded from nine samples within the study period. Chlorophyta species dominated mostly in variety and percentage composition while Euglenozoa species representatives had the least expression. Bioindication showed a low diverse community in the monsoon period with better water quality than in preand post-monsoon. Various diversity indices (Shannon-Wiener diversity index, Gleason species richness index, Pielou evenness index, and Naughton dominance index) were used to establish the seasonal variation of phytoplankton. The ShannonWiener diversity index was most useful in indicating the trophic status of the water as well as the pollution status, which in this case, depicted a moderate level of pollution of this lake.
INTRODUCTION
Phytoplankton constitutes the basic components of the aquatic food chain. They act as primary producers and represent themselves as a direct food source for other aquatic animals. The community composition of phytoplankton is largely influenced by the interaction of a number of physico-chemical factors. Freshwater algal biodiversity and associated physico-chemical factors were studied in India by Veereshakumar and Homani [1] . These types of studies give relevant information about the productive Fig.1 . The Santragachi Lake sampling site, West Bengal, India. ARC GIS location map was created by the authors and the large image was taken from Google Earth, 2011
MATERIAL AND METHODS
In order to analyze phytoplankton of the Santragachi lake nine phytoplankton samples were collected monthly by scooping water from the lake (in pre-monsoon [MarchMay], post-monsoon [September-November] and monsoon [June-August]) between 9:30-10:30 am in 400 ml amber color bottles, fixed with Lugol's iodine solution in a 100:1 ratio. The phytoplankton samples collected were left overnight or more to concentrate by the gravimetric method. Sometimes a centrifuge instrument was used for faster sedimentation. After the completion of the sedimentation process, the supernatant part was pipetted out and finally the sample was concentrated to 4 ml. The drop count method [17] was followed for quantitative estimation of phytoplankton. Phytoplankton densities were expressed as organisms per liter. The geographic coordinates of the lake under study was determined by the GARMIN GPS 60 device.
Physico-chemical variables such as water temperature, pH, conductivity, dissolved oxygen, nitrate, phosphate, and potassium were analyzed by standard methods [18] [19] . Phytoplankton was identified in accordance with standard works [20] [21] [22] [23] [24] [25] . Taxonomy was adopted according to the M.D. Guiry and G.M. Guiry's [26] updated system.
The ecological characteristics of algal species were obtained from a previously compiled database [27] for freshwater algae of the world from multiple analyses of algal biodiversity with additions [28] [29] for substrate preference, temperature, oxygenation, pH, salinity, organic enrichments, N-uptake metabolism, and trophic states. The ecological groups were separately assessed according to their significance for bio-indications. Species that responded predictably to environmental conditions were used as bio-indicators for particular variables of aquatic ecosystems, the dynamics of which are related to environmental changes.
Phytoplankton density and the percentage composition of each class were calculated. Species diversity was calculated using Shannon's formula by Odum [30] :
Where, N = Total number of individuals per liter. s = is the species number n i = is the number of individuals of each species H / = species diversity in bits of information per individual. Species richness (SR) was calculated as proposed by [31] :
Where, S = the number of species representing a particular sample. N = the natural logarithm of the total number of individuals of all the species within the sample. Evenness or Equitability (J / ) index was worked out using the formula of Pielou [32] :
Where, H / = species diversity in bits of information per individual. S = number of species. Dominance index (δ) value was determined using the formula of McNaughton [33] as described by Ignatiader and Mimicos [34] :
Where δ = dominance index, which is proportional to the percentage of total standing crop contributed by the two most prominent species n 1 and n 2 = percentage of total population contributed by the two most abundant species in the sample. N = average value of concentration of total phytoplankton standing crop in the same series of sample.
The Shannon's species diversity index (H') indicates the diversity (as relative abundance of species dependence function) and the unit is bit i.e., a particular numerical value. The species richness index (SR) is a measure of the richness of phytoplankton genera with a linear correlation between the number of genera and the logarithm of the number of individuals. The evenness index (J') value depicts the calculation of equality degree in genera abundance. The Naughton's dominance index (δ) measures the percentage of the two or more dominant genera.
The correlation of species composition and environmental variables was established using Canonical Correspondence Analysis (CCA) with CANOCO Program for Windows 4.5 package [35] . Statistical significance of each variable was assessed using the Monte Carlo unrestricted permutation test involving 999 permutations [36] . The abbreviated names of species are given in the taxonomic table (Table 2) . CCA plots represent overlap of species in relation to a given combination of environmental variables in a studied month. Arrows represent environmental variables, with the maximal influence value for each variable located at the tip of the arrow [37] .
The Pearson correlation coefficient was used to establish the relationship among various environmental variables with phytoplankton density. The linear regression model was performed using SPSS 16.0 for Windows.
RESULTS
The environmental characteristics of the water of Santragachi Lake differed from season to season ( Table 1 ). As the lake was shallow in nature, there was no thermal stratification. The water temperature reached its high (30°C) in March and its lowest value (23.5°C) in November. The moderate value (29°C) was recorded in July i.e., the monsoon season. The findings illustrate that the environmental variables can be divided into two different groups one for water temperature, nitrates and phosphates, which decreased from pre-monsoon to post-monsoon period and the second group with potassium, oxygen and pH, which increased during the study period (Fig. 2) . This correlation allowed us to assume that water properties changed under community development. Phytoplankton communities of the Santragachi Lake from November 2009 to July 2010 consisted of a total of 29 taxa (Table 2 ) belonging to five taxonomical divisions: Chlorophyta (10), Cyanobacteria (8), Charophyta (5), Bacillariophyta (4), and Euglenozoa (2) . The maximum number of phytoplankton taxa was associated with the pre-monsoon season (21) , which decreased during the monsoon season to 13 taxa and thereafter increased in the post-monsoon season (17) . Among the 29 algal taxa, green algae were present in the highest numbers throughout the three seasons. Their percentage composition for pre-monsoon, monsoon, and post-monsoon communities was 58.84%, 52.38%, and 53.84%, respectively (Fig. 3) . The Euglenozoa species were very few in number, and their percentage composition value was low: 5.88%, 9.52%, and 7.69% for the abovementioned seasonal categories. 
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Autecological data of the algal species that were identified in the Santragachi Lake indicated that during the monsoon period the community was enriched by species indicators from low salinity and middle pH groups (Table 2) . Organic enrichment species-indicators were grouped with respect to the water quality classes from 1-5. The percentage of each class of species indicators showed a lower level of organic pollution in the monsoon period (Fig. 4) as Class 5 indicators of high level organic pollution such as Euglena viridis were absent, and Class 3 indicators of low to middle level of organic pollution such as Dolichospermum affine were found to be increased. . Phytoplankton density showed a positive correlation with water temperature, nitrates, phosphates, and potassium; and a negative correlation with pH, conductivity, and dissolved oxygen (Table 3) . Furthermore, the relation between phytoplankton density and conductivity was of a significant level (P < 0.05). Diversity indices that were calculated by equations 1-4 are presented in Fig. 5 . The diversity index (H / ) value varied between 2.344 bit to 2.454 bit. The minimum (2.344 bit) was observed during the monsoon season (July 2010), while the maximum value (highest heterogeneity) detected (2.454 bit) was post-monsoon (November, 2009). The species richness index (SR) varied between 1.786 and 2.814, the minimum value being calculated during the monsoon season and the maximum pre-monsoon (highest number of species). The minimum evenness index (J / ) value calculated was during pre-monsoon (0.803) and the maximum value (0.914) was documented in the monsoon season. The lowest dominance index (δ) value calculated (0.108) was observed in monsoon season and the highest value (0.140) was pre-monsoon. 
DISCUSSION
Temporal changes of the community in the freshwater lake are the most significant driving forces that cause unpredictable variations in phytoplankton composition due to algal species occupying similar ecological niches. Analysis of phytoplankton of this lake showed the presence of 29 representatives, with green algae forming the dominant group. Cyanobacteria, Bacillariophyta, Charophyta, and Euglenozoa species followed in decreasing order of appearance. The planktonic community was not found to be so rich. It could be said that the samples collected from the lake were not of a large enough volume to be representative of the overall species distribution; the findings nevertheless gave a good indication of this.
The phytoplankton density was found to reach a maximum limit (40,658 ind./L) in the pre-monsoon season, similar to that of other temperate lakes [43] . According to Bailey-Watts [44] and Scheffer [45] , surface water phytoplankton of shallow lakes shows less long-term stability than those of stratified lakes. Among the Chlorophyta representatives, Desmodesmus armatus, Pediastrum duplex, and Ankistrodesmus falcatus were the most prevalent throughout the study period. The dominant Cyanobacteria species included Phormidium formosum, Dolichospermum affine and Aphanocapsa. Navicula and Euglena were the dominant taxa among Bacillariophyta and Euglenozoa species, respectively. The community was found to change from Chlorophyta-Cyanobacteria-Diatom-Euglenozoa during pre-and post monsoon periods to Chlorophyta-Diatom communities in the monsoon period. Desmodesmus armatus, Pediastrum duplex, and Navicula trivialis were present all year round, whereas the species Phormidium formosum, Dolichospermum affine from Cyanobacteria and Euglena from Euglenozoa were found to be absent, when ordinarily they are abundant in monsoon communities. This finding represents the cyclicity of algal bloom in different seasons [13] , and serves as a bio-indicator of the Santragachi Lake pollution as these species prefer organically enriched low disturbed water.
The CCA biplot that was constructed for the Santragachi Lake phytoplankton, (Fig. 6) , shows the density, richness and environmental variables for the species analyzed can be divided into two different groups. Plot 1 shows the species that are impacted by high electrical conductivity, pH and potassium concentration (Nitzschia linearis), of which do not survive during the monsoon period. Plot 2 highlights the species that are impacted by increased density under high temperature and nutrient concentration and therefore are sensitive to organic pollution. Remarkably the second group only consisted of four species (from Cyanobacteria and Charophyta) that could flourish in plankton before the monsoon period, which can serve as an organic enrichment indicator.
Appearance and massive growth of phytoplankton in water bodies depend not only on factors such as light and temperature but also on the nutrient load, which affect species composition [46] . In this study, it was found that the availability of nitrates and phosphates in the pre-monsoon and monsoon season were greater in comparison with the post-monsoon season. This availability supports the massive growth of blue green algal members such as Microcystis and Coelosphaerium species (Table 2, Fig. 6 ). According to El-Gindy and Dorham [47] , the interaction between various physico-chemical and biological factors is the causative regulator for seasonal variation and standing crop of phytoplankton. Statistical analysis of this study's findings revealed a species-environment interaction in the Santragachi Lake plankton. Among the physio-chemical parameters of the Santragachi Lake, water temperature was found to play a pivotal role in regulating various biological activities and growth, showing a positive correlation with phytoplankton density (Figs. 6, 7) . In most cases, an algal community can survive a variation in optimal values up to a certain limit, an increase in temperature can promote greater biological productivity but above or below a specific critical value can create an imbalance. Fig. 7 . Simple linear regression between phytoplankton densities and phosphates, nitrates, potassium, dissolved oxygen, conductivity, pH and water temperature of the Santragachi Lake.
The pH of a water body determines the solubility and biological availability of certain chemical nutrients. Heavy metals are more soluble in lower pH. Here pH established a negative correlation with phytoplankton density. When pH decreases, some algae such as charophytes and some greens can withstand the acidic stress and flourish.
Conductivity is the capability of water to conduct an electric current which varies according to the types of ions contained in the solution. A significant negative correlation among phytoplankton density and conductivity was revealed. Usually, it is found that an increase in conductivity increases phytoplankton density. In this study however, an increased conductivity due to toxic heavy metals present in the water from anthropogenic sources and the climatic monsoon effect, resulted in a reduced density and richness of phytoplankton Dissolved oxygen is a very important factor for the growth and establishment of fish and other aquatic animals. It also indicates the degree of pollution by organic sources. The phytoplankton density of the samples taken represents a negative correlation with dissolved oxygen. Conversely, nitrates, phosphates, and potassium were found to have a positive correlation with phytoplankton density. On comparison of this correlation with the bio-indication of the water quality classes in Fig. 4 , a lower level of organic pollution during the monsoon period was seen. This indicated that the Santragachi Lake ecosystem has a very high capacity for self-purification, whereby the nutrients are used for the growth of phytoplankton.
According to Melack [48] the temporal variations of phytoplankton in lakes are related to differences in rainfall. With this in consideration, the Santragachi Lake which receives sufficient monsoon rainfall and associated runoff every June-toSeptember results in enhanced concentrations of suspended sediment, inorganic substances, and dissolved organic matter, which in turn impacts the volume of species diversity. During the monsoon period the plankton community of the Santragachi Lake is enriched by occasional species, such as Homoeothrix, which is developed in various reservoirs of India [49] that come from the periphyton community as a result of disturbance by rainfall.
Nutrient limitation is an important condition for phytoplankton abundance in shallow freshwater lakes [50] . In accordance with the artificial lake fertilization experiment, it was observed that phytoplankton abundance was often controlled by the nitrogen concentration rather than by the concentration of phosphorus [51] . However in the Santragachi Lake, a seasonal increase in the nitrogen-phosphorus ration corresponded with an increase in phytoplankton density.
In this study, the diversity indices popularly used, including species diversity index (H'), species richness index (SR), evenness index (J'), and dominance index (δ) were considered as explanatory variables of eutrophication levels, which to some degree are interrelated. The results of the calculated ecological indexes of the Santragachi Lake (Fig. 5) reflected changes in the phytoplankton community structure as a result of monsoon climate impact. The Shannon diversity index (H / ) indicated the lowest phytoplankton structure stability during the monsoon season, whilst the highest heterogeneity and therefore stability of this structure was detected post-monsoon, which corresponded to a less productive trophic status of the lake. The species richness index (SR) was highest during the pre-monsoon period, which correlated with a maximal species richness of the phytoplankton community [32] . The evenness index (J / ) revealed a maximum value in the monsoon season. The dominance index (δ) which determines the criteria of species diversity used to identify the main floral and faunal structures of different habitats [52] , was of the highest value in the premonsoon period and immediately decreased in the monsoon season. When the dominance index was high, the species diversity decreased which resulted in an uneven distribution of other species and vice-versa. As an example, when the highest evenness index value was 0.914 in the monsoon season, the diversity value was found to be the lowest (2.344). This data supports the theory that the dominance index is opposite to the evenness index [53] .
Based on the representations of the organic pollution indicators [54] , the lake was considered to have a moderate pollution status. Excessive fishing and washing of cows and buffaloes have been putting constrains on the biodiversity of the lake by excessive nutrient enrichments that have impacted biota in the lake. Along with the addition of pollutants due to the anthropogenic effect, the pollution-load increases day-by-day. Therefore, proper scientific planning is needed to use this lake water effectively.
CONCLUSION
The study findings indicate that climatic variables are expressed in the planktonic algal community fluctuation. Species richness changed with monsoon climatic impact and decreased during the monsoon period. The indices that were calculated based on species abundance were helpful in accessing the lake ecosystem state and water pollution. It was revealed that organic pollution during the monsoon period was increased in comparison with pre-and post-monsoon periods. The monsoon rainfall was found to impact the phytoplankton community and therefore the species dynamic must be monitored for both human and climatic effects.
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